Adults with chronic kidney disease (CKD) carry an extraordinarily high risk for cardiovascular disease (CVD). This excess risk disproportionately affects minority populations [1] [2] [3] [4] . Therefore, a logical starting point for CVD prevention is determining the extent to which CVD risk factors are responsible for the excess risk in patients with CKD. While the literature on race/ethnicity disparities of CVD risk in patients with CKD has being accumulated, most studies use conventional analysis approaches, such as linear regression and ordinal regression models to address an average differences in CVD risk profiles between non-Hispanic white (NHW) and minority populations [5] [6] [7] . Evidence using these analyses fails to describe specific differences in certain sub-populations who are exposed to an even worse risk of disease. For example, the distributions of CVD risk factors and outcomes may vary by ages and race/ethnicity. Although several studies have observed that non-Hispanic black (NHB/African Americans) had a significantly higher CVD risk than NHW, 8, 9 few studies have been conducted to examine the distributions of risk factors in detail that are attributable to the excess CVD risk in NHB versus NHW. The present study aimed to apply quantile regression (Qreg) analysis, a robust data analysis approach, 5-7 to test two hypotheses. First, CVD risk factors disproportionately affect NHB than NHW. Second, this difference in CVD risk significantly contributes to an excess risk of prevalent CVD in NHB versus NHW.
Introduction
Adults with chronic kidney disease (CKD) carry an extraordinarily high risk for cardiovascular disease (CVD). This excess risk disproportionately affects minority populations [1] [2] [3] [4] . Therefore, a logical starting point for CVD prevention is determining the extent to which CVD risk factors are responsible for the excess risk in patients with CKD. While the literature on race/ethnicity disparities of CVD risk in patients with CKD has being accumulated, most studies use conventional analysis approaches, such as linear regression and ordinal regression models to address an average differences in CVD risk profiles between non-Hispanic white (NHW) and minority populations [5] [6] [7] . Evidence using these analyses fails to describe specific differences in certain sub-populations who are exposed to an even worse risk of disease. For example, the distributions of CVD risk factors and outcomes may vary by ages and race/ethnicity. Although several studies have observed that non-Hispanic black (NHB/African Americans) had a significantly higher CVD risk than NHW, 8, 9 few studies have been conducted to examine the distributions of risk factors in detail that are attributable to the excess CVD risk in NHB versus NHW. The present study aimed to apply quantile regression (Qreg) analysis, a robust data analysis approach, [5] [6] [7] to test two hypotheses. First, CVD risk factors disproportionately affect NHB than NHW. Second, this difference in CVD risk significantly contributes to an excess risk of prevalent CVD in NHB versus NHW.
Methods

Study Population and Design
To test the study hypotheses, data from the Chronic Renal Insufficiency Cohort (CRIC) Study, a unique population based cohort study among subjects with CKD, was used 3, 10 . The CRIC Study, supported and established by the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) in 2001, was designed as a prospective cohort study of 4,073 participants enrolled through seven clinical centers (John Hopkins University, Case Western Reserve University, Kaiser Permanente of Northern California, Tulane University Health Science Center, University of Illinois at Chicago, University of Michigan at Ann Arbor, and University of Pennsylvania Medical Center) and who were eligible to take part in the study.
The detailed design and methods have been described elsewhere 3, 10 . Briefly, the CRIC Study included a racially and ethnically diverse group of adult patients who were aged 21-74 years and had mild to moderate CKD using age based estimated glomerular filtration rate (eGFR). These age-based inclusion criteria were eGFR of 20 to 70, 20 to 60, and 20 to 50 ml/min/1.73 m2 for age range 21-44, 45-64 and 65-74 years respectively. The age-based eGFR entry criteria were established to limit the proportion of older individuals who were recruited with age-related diminution of eGFR but otherwise non-progressive CKD 3, 10 . Informed consent was obtained from all participants. The CRIC Study protocol was approved by institutional review boards (IRB) at participating institutes, and the research was conducted in accordance with the ethical principles of the Declaration of Helsinki 3, 10 . The present study used data from NIDDK Central Repository, and has been approved by the IRB of Drexel University, Philadelphia, PA. The final analytic sample included CRIC Study baseline participants of 1,824 NHW, 1,658 NHB, and 457 for all other race/ethnicity groups.
Study key variables
Data on sociodemographic characteristics, medical history, lifestyle behaviors, current medications, and anthropometric measures (i.e., weight, height, waist circumference and blood pressure) were obtained. Chronic conditions, including history of myocardial infarction (MI), congestive heart failure (CHF), peripheral vascular disease (PVD) and stroke and diabetes mellitus (DM) were collected from the medical history records. Blood pressure (BP) was measured using a validated protocol and calibrated sphygmomanometers. Hypertension was defined as systolic BP (SBP) ≥140 mmHg, or diastolic BP (DBP) ≥ 90 mmHg, or self-reported use of antihypertensive medication. DM was defined as a fasting glucose ≥126 mg/ dl, random glucose ≥200 mg/dl, or use of insulin or other anti-diabetic medication. Levels of intentional physical activity were measured based on survey questions regarding different types of physical activity and time. Minutes of activities were summed for each discrete activity type, converted to hours for case of presentation, and multiplied by metabolic equivalent (MET) level. A higher sum MET score (hours per week) represents a higher physical activity level. Four groups of the total intentional exercise were classified as MET=0, <21, 21-40, and ≥41 hours/week on the basis of 0, <50%, 50-74.9%, and ≥75% distribution of MET score in the total study sample. Smoking status was categorized into three groups of never smoked, former smoker (for those who smoked more than 100 cigarettes in their lifetime, but had stopped in baseline survey) and current smokers. Serum creatinine was measured at the University of Pennsylvania laboratory and calibrated based on standard measurements made from the Cleveland Clinic Foundation laboratory in Cleveland, OH. eGFR was calculated using the Modification of Diet in Renal Disease (MDRD) estimating equation 11. Serum total and high density lipoprotein cholesterol (TC and HDL-C), triglycerides (TG), glucose and high sensitive C-reactive protein (hs-CRP) were measured using standard methods in the CRIC Study's central laboratory, and low density lipoprotein cholesterol (LDL-C) level was calculated using the Friedewald equation 3, 10 .
Statistical analysis
A serial analysis was conducted. First, baseline characteristics of participants across three race/ethnicity groups (NHW, NHB and others) were tested using univariate analysis. Variables that were non-normally distributed were tested using Wilcoxon rank nonparametric test (MET, LDL, TG, glucose and hs-CRP).
In the second group analysis, although targeting individual CVD risk factors is important, preventive medicine and public health usually aims to reduce overall risks. For this reason, a sum weighted CVD Risk (CVDRisk) score derived from multiple CVD risk factors was developed. To create the sum weighted score, associations of five components of metabolic syndrome (MS), 9, 12, 13 and other five CVD risk factors (elevated TC and LDL, hs-CRP, smoking and physical inactivity) with CVD prevalence (including any MI, CHF, PVD and/or stroke) were examined using multivariate logistic regression model. The cut-off points of five MS components were defined using the criteria of the American Heart Association 9, 12, 13 . It includes (1) larger waist circumference (WC, male/female: ≥102/88 vs. <102/88 cm), (2) high BP (SBP/DBP≥130/85 vs. SBP/DBP<130/85 mm Hg), (3) decreased HDL-C (male/female: ≤45/50 vs. >45/50 mg/ dl), (4) elevated glucose (≥100 vs. <100 mg/dl), (5) elevated TG (≥150 vs. <150 mg/dl). The other five risk factors were (1) elevated TC (TC ≥200 vs. <200 mg/dl), (2) elevated LDL-C (≥130 vs. <130 mg/dl), (3) elevated hs-CRP (>3 vs. ≤3 mg/dl), (4) smoking status (Never, former, and current smokers), and (5) were excluded and the remaining eight factors were included to develop a sum weighted CVD risk score using formula: CVD Risk score =Ʃ(βi*χi), where β is the regression coefficient of the association between a factor (χi) and CVD prevalence. This approach of developing a sum weighted score has been applied and validated by several studies including our own work [14] [15] [16] [17] [18] [19] .
In the third group analysis, multivariate quantile regression analysis was applied to examine the distributions of CVDRisk score in NHB versus NHW. The cut-off points of quantiles (Qs)
were 25%, 50%, 75% and 90%. Coefficients from quantile regression models are interpreted in a manner similar to linear and ordinal least squares (OLS) regression analyses, but focusing on differences in each quantile distribution of CVDRisk score [5] [6] [7] . In the study, CVDRisk score was log-transformed in order to easily interpret as a constant percentage difference for NHB, and the other race group versus NHB 5, 20 . The percentage differences by race/ethnicity were estimated using the formula, 100*(eβi -1), where β is the coefficient of race/ethnicity (NHB or Others vs. NHW) on CVDRisk score (log-transformed).
5, 20 To Table 2 Figure 2: Percent difference in CVDRisk scores for NHB and other race groups as compared to NBW (assigned as the reference) in the total study sample and in subgroups by eGFR status The reported percent (%) = 100*(exponentiated regression coefficient -1), which is interpreted as % change in CVDRisk score for the comparison versus reference group. Q1=9.55 corresponding to a 25% of the distribution of CVDRisk score; Q2=13.02 corresponding to a 50% of the distribution of CVDRisk score. Q3=17.71 corresponding to a 75% of the distribution of CVDRisk score; Q2=20.52 corresponding to a 90% of the distribution of CVDRisk score.
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compare the results from quantile regression, we repeated the analysis with the same set of variables using OLS regression that only estimates an average level of the risk score for the risk of the study outcome [5] [6] [7] . In the analysis, age (years) and a quadratic term for age were adjusted by taking account of a non-linear relationship between age and CVDRisk score [5] [6] [7] . Stratification analyses for eGFR (20-29.9 , 30-55.9, and 60-70) were conducted to test the differences in CVDRisk scores by race/ethnicity. Finally, to estimate the impact of elevated CVDRisk score on CVD prevalence by race/ethnicity, odds ratios (ORs) of NHB versus NHW for prevalent CVD were estimated using logistic regression models with adjustment for age and sex (Model 1), and age, sex and CVDRisk score (Model 2). The % changes in ORs from Model 1 to Model 2 was used to evaluate this impact using formula (OR1-OR2)/(OR1-1)*100, where OR1 is the odd ratio for prevent CVD in NHB versus NHW in Model 1, and OR2 in Model 2, and OR1-1 is the excess odds for prevalent CVD in NHB compared with NHW [21] [22] [23] .
All data analyses were conducted using SAS software version 9.2 (SAS Institute, Cary, NC). 24 A two-sided p value ≤0.05 was considered as having statistical significance.
Results
Characteristics of participants
Of the total study sample (Table 1) , NHW had the highest mean (±SD) age (58.6 ± 11.2), followed by NHB (58.1±10.6), and the other race/ethnicity group (56.7±11.6). Overall, NHB had a higher CVD risk profile than NHW and the other race/ethnicity group. The prevalence of subjects with CHF, stroke and the total CVD were significantly higher in NHB than NHW.
CVDRisk score by race/ethnicity and individual CVD risk factors
Means (SD) of CVDRisk score were 12.6 (6.1) in NHW, 14.6(6.4) in NHB, and 13.0 (5.6) in all other race groups (mean difference by race, p<0.01). Figure 1 shows that subjects with CVD risk factors had significantly higher mean CVDRisk scores than those without these risk factors.
Quantile Distribution of CVDRisk score by race/ ethnicity and age Table 2 shows that in the total study sample (Model 1 and Fig 2,  A) , NHB had 14.73% higher (worse) CVDRisk score than NHW in Q4, followed by 11.48%, 9.95%, and 6.49% in Qs 1, 2 and 3 respectively (p<0.001).
In stratification analysis by eGFR (Model 2), NHB had different higher CVDRisk scores across all Qs (Fig 2, C) in those with moderate CKD (eGFR 30-55.9 ml/min/1.73m2) and in those with mild CKD (eGFR 60-70 ml/min/1.73m2) in Qs 1 and 2 (Fig 2,  D) than NHW. Results of OLS regression models, however give only an average estimate of the differences in CVDRisk scores. It shows that NHB had 12.35% higher CVDRisk score than NHW in the total sample, and 21.08%, 11.75% and 7.4% higher in those with mild, moderate and severe CKD (eGFR 20-30 ml/ min/1.73m2) when compared against their NHW counterparts respectively ( Table 2 , OLS regression and Fig 2, E ).
There were no statistically significant differences in CVDRisk scores for all other race groups versus NHW using OLS regression analysis. However, among them, subjects with severe CKD had significantly lower CVDRisk scores in Qs 2 and 3 than their NHW counterparts using quantile regression analysis by eGFR status ( Table 2 , and Fig 2, B) .
In logistic regression analysis, the odd ratio (95%CI) of NHB versus NHW for prevalence of CVD was 1.53 (1.32-1.77, p<0.001) after adjustment for age and sex (Model 1), and was 1.34 (1.15-1.55, p<0.001) after adjustment for age, sex and CVDRisk score (Model 2), a 35.8% reduction [(1.53-1.34)/(1.53-1)]. In other words, an estimated 35.8% of excess prevalence of CVD in NHB versus NHW could be explained by the differences in CVDRisk score. No statistical differences were observed between NHW and the other race group (p>0.05). Figure 3 depicts the disproportionate distributions of participants by quantiles of CVDRisk scores and by race/ ethnicity across ages. While the curves across age for OLS are similar to Q2 (i.e., P 0.50), results from quantile regression show that the proportion of subjects who are in each quantile are huge differences by race and ethnicity across ages. For example, the CVDRisk scores ranged between 20 and 25 in Q4 for NHB, while it ranged between 15 and 20 in Q4 for NHW aged 35-65 (also as shown a larger proportion of subjects who are included in the region bounded by points a, b, c and d for NHB).
Discussion
The study extends previous studies by providing more details of the distributions of CVDRisk factors in subgroups of NHB versus NHW, and other race/ethnicity groups. The main findings are (1) NHB had significantly higher (worse) CVDRisk scores across all quantiles than NHW. (2) The differences in CVDRisk scores in NHB versus NHW were significantly higher in those at mild and moderate CKD stages. (3) An estimated 35.8% of the excess prevalence of CVD in NHB would be attributable to the elevated CVDRisk score in NHB versus NHW.
Several studies have observed an excess CVD prevalence and mortality in NHB versus NHW 2, 9, 17, 25, 26 . However, little is known whether this excess CVD risk is disproportionately distributed in patients with CKD [5] [6] [7] . Findings from the present study suggest that the excess risks for CVD in NHB versus NHW are different in patients with different stages of CKD by race/ethnicity. Using quantile regression analysis technique has been reported in Gebregziabher and colleagues' study. They used data from a cohort of 11,272 veterans with type 2 diabetes (T2DM), and observed that NHB with T2DM had significantly lower medication adherence rate across all quantiles of the medication adherence score than NHW 5, 6 . In Liu and colleagues' study, using data from National Health and Nutrition Examination Survey (NHANES), and the Health and Retirement Survey, they observed that higher education attainment (a marker of socioeconomic status) was associated with lower coronary heart disease risk index across all quantiles of Framingham risk score (FRS).5 These previous studies contributed to the literature of the body on individual CVD risk factors. Our present study extends the previous studies by applying a sum weighted CVDRisk score and testing its distribution and relation to prevalence of CVD in patients with CKD. The sum weighted CVDRisk score provides meaningful evidence for disease control, because a prevention strategy and practice is most commonly done by preventing a group of CVD risk factors, instead of an individual one. In the study, we also tested the distributions of FRS and its association with CVD prevalence, and similar results to the present study were observed. In the report, we presented data using our created weighted CVDRisk score, because it included more wellestablished CVD factors in the sum score than FRC. The present study has several advantages. First, the study used data from CRIC Study, a well designed study coordinated by the National Institute of Diabetes and Digestive and Kidney Diseases 3, 10 . Second, in addition to the use of conventional analysis approach (i.e., OLS regression analysis), the present study is the first to examine the distributions of multiple CVD risk factors using a sum weighted CVDRisk score, which takes into consideration of the relative impacts of individual factors on the study outcome [15] [16] [17] . Third, the present study highlights that NHB with mild and moderate CKD have higher CVDRisk factors than NHW. These findings address the importance that a stronger effort of CVD prevention CVD is needed in NHB versus NHW. The study did not observe significant differences in CVDRisk score in CKD patients with eGFR 20-29.9 ml/min/1.73m 2 between NHB and NHW. Although further studies are needed, this finding may suggest that CVD risks are the same in patients with serious CKD between NHB and NHW. Meanwhile, it should be noted that the present study has several limitations. First, the analysis used the baseline survey data of the CRIC Study. Therefore, it is not necessarily to interpret the findings of the CVDRisk score and CVD prevalence as a cause -effect association. Second, baseline measurements of CVD risk factors were conducted once only in the CRIC Study, bias due to time-varying may have occurred. Further longitudinal studies with dynamic measurements of predictor are needed to confirm the present findings.
In conclusion, despite the aforementioned limitations, using Qreg analysis models, we are able to identify higher risk groups of CVD in details as compared to the use of conventional analysis approaches. NHB who had mild or moderate CKD had significantly higher risk of CVD than their NHW counterparts. Given the limited healthcare resource and an increasing in CKD at population level, greater efforts for reducing CVD health disparity must be made for those who are at higher risk of CVD across the different spectrum of CKD.
